Cytochrome b561, copper, β-cleaved amyloid precursor protein and niemann-pick C1 protein are involved in ascorbate-induced release and membrane penetration of heparan sulfate from endosomal S-nitrosylated glypican-1.
Ascorbate-induced release of heparan sulfate from S-nitrosylated heparan sulfate proteoglycan glypican-1 takes place in endosomes. Heparan sulfate penetrates the membrane and is transported to the nucleus. This process is dependent on copper and on expression and processing of the amyloid precursor protein. It remains unclear how exogenously supplied ascorbate can generate HS-anMan in endosomes and how passage through the membrane is facilitated. Here we have examined wild-type, Alzheimer Tg2576 and amyloid precursor protein (-/-) mouse fibroblasts and human fetal and Niemann-Pick C1 fibroblasts by using deconvolution immunofluorescence microscopy, siRNA technology and [S35]sulfate-labeling, vesicle isolation and gel chromatography. We found that ascorbate-induced release of heparan sulfate was dependent on expression of endosomal cytochrome b561. Formation and nuclear transport of heparan sulfate was suppressed by inhibition of β-processing of the amyloid precursor protein and formation was restored by copper (I) ions. Membrane penetration was not dependent on amyloid beta channel formation. Inhibition of endosomal exit resulted in accumulation of heparan sulfate in vesicles that exposed the C-terminal of the amyloid precursor protein externally. Endosome-to-nucleus transport was also dependent on expression of the Niemann-Pick C1 protein. We propose that ascorbate is taken up from the medium and is oxidized by cytochrome b561 which, in turn, reduces copper (II) to copper (I) present in the N-terminal, β-cleaved domain of the amyloid precursor protein. Re-oxidation of copper (I) is coupled to reductive, deaminative release of heparan sulfate from glypican-1. Passage through the membrane may be facilitated by the C-terminal, β-cleaved fragment of the amyloid precursor protein and the Niemann-Pick C1 protein.